PATENT ABSTRACTS OF JAPAN 



(11 publication number : 10-161145 
(43)Date of publication of application : 19.06.1998 

(51)lnt.CI. G02F 1/1343 

C09K 19/02 
G02F 1/13 
G02F 1/136 

(21 Application number : 09-240085 (71 )Applicant : SHARP CORP 

(22)Date of filing : 04.09.1997 (72)lnventor : SHIMOSHIKIRIYOU 

BUNICHI 

KANZAKI SHUICHI 
MIYAJI KOICHI 



(30)Priority 

Priority number : 08264926 Priority date : 04.10.1996 Priority country : JP 



(54) LIQUID CRYSTAL DISPLAY DEVICE AND LIQUID CRYSTAL 
MOLECULES 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal display device which may 
be improved in a numerical aperturemay be enhanced in contrast and is driven 
by transverse electric fields. 

SOLUTION: Liquid crystal molecules 305 are perpendicularly oriented by 



orientation control films 302302b subjected to perpendicular orientation. The 
directors of the liquid crystal molecules 305 are perpendicularly oriented to the 
surfaces of substrates 303a303b at the time of non-impression of voltages 
andthereforea liquid crystal layer does not exhibit refractive index anisotropy 
within the plane parallel with the substrate surfaces. On the other handthe 
transverse electric fields are impressed on the liquid crystal molecules to operate 
the liquid crystal molecules by a piezoelectric effect. The directors of the liquid 
crystal molecules 305 exhibit bend orientation when the transverse electric fields 
E are impressed thereon by electrodes 301a301b via a power source 306. The 
transmittance of light changes according to the magnitude of the transverse 
electric fields E. 



CLAIMS 

[Claim(s)] 

[Claim 1]A liquid crystal display in which an electrode for transverse electric field 
generating which a n type nematic liquid crystal which emits spontaneous 
polarization by the piezo-electric effect was pinchedand was connected to at 
least one substrate of a substrate of this couple at an external control meansand 
in which a matrix drive is possible is provided between substrates of a couple 
with which both perpendicular orientation processings were performed. 
[Claim 2]A liquid crystal element of a banana form with which two or more are 
combined or a cone form of a substantially rod-shaped molecule at least one 
indicates liquid crystallinity to be. 

[Claim 3]A banana form which combines two or more of substantially rod-shaped 
molecules at least one indicates liquid crystallinity to be as a substituent of a ring 
compound so that a major axis direction of at least two substantially rod-shaped 
molecules may cross mutuallyor a liquid crystal element of a cone form. 
[Claim 4]The liquid crystal element according to claim 3 in which said ring 
compound is a compound which has a dipole moment. 



[Claim 5]A banana form which combines two or more of substantially rod-shaped 
molecules at least one indicates liquid crystallinity to be as a substituent of a 
nonlinear type compound so that a major axis direction of at least two 
substantially rod-shaped molecules may cross mutuallyor a liquid crystal element 
of a cone form. 

[Claim 6]The liquid crystal element according to claim 5 in which said nonlinear 
type compound is a compound which has a dipole moment. 
[Claim 7]A liquid crystal display in which said n type nematic liquid crystal 
consists of a liquid crystal element of any one description of the Claims 2-6. 
[Claim 8]A n type nematic liquid crystal in which refractive-index ingredient n x for 
all directions in an XYZ coordinate system and n y differ from n z between 
substrates of a couple with which both perpendicular orientation processings 
were performed is pinchedA liquid crystal display which was connected to at 
least one substrate of a substrate of this couple at an external control means and 
in which an electrode for transverse electric field generating in which a matrix 
drive is possible is provided. 

[Claim 9]The liquid crystal display according to claim 8 in which said n type 
nematic liquid crystal consists of that from which refractive-index ingredient n x for 
all directions in an XYZ coordinate systemn y n z and dielectric constant ingredient 
epsilon x epsilon y and epsilon z differ. 

[Claim 10]the liquid crystal display according to claim 8 in which said n type 
nematic liquid crystal consists of that out of which an ingredient within a field 
parallel to a substrate face of a dipole moment does not come zero. 
[Claim 1 1]The liquid crystal display according to claim 1789or 10 in which the 
active-matrix driving method for having used an active device for a means to 
make an electrode for said transverse electric field generating drive is used. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to a liquid crystal display matrix drive 
type [ based on the new display mode using the n type nematic liquid crystal by 
which orientation was carried out vertically ]. 
[0002] 

[Description of the Prior Art]Conventionallythe transverse electric field drive type 
thing is known as a liquid crystal display which displays by driving a liquid crystal. 
It is the composition of driving the nematic liquid crystal which carried out 
orientation almost horizontally to the substrates face as a this transverse electric 
field drive type liquid crystal display by a transverse electric field (JPH6- 
160878A). 
[0003] 

[Problem to be solved by the invention]ln this conventional liquid crystal displayit 
was problems that a numerical aperture is low and that the display of high 
contrast is difficult to get. Below the conventional liquid crystal display is 
explained andsubsequently these problems are briefly explained to it. 
[0004]ln the conventional liquid crystal displayas shown in drawing 13 (a) and 
(c)orientation of the liquid crystal element 205 is carried out in general in parallel 
with the surface of the substrate 203without twisting between the upper and the 
lower substrate 203 and 203. The absorption axis 209 of the polarizing plate 206 
stuck on either the upper and the lower substrates 203 and 203 is coincided in 
the direction 208 of the molecular axis of the liquid crystal element 205and the 
absorption axis 209 of the polarizing plate 206 stuck on the substrate 203 of 
another side is made vertical to the direction 208 of a molecular axis. 
Thereforesince the optic axis of linear polarization and the optic axis of a liquid 
crystal element which penetrated the polarizing plate stuck on the lower 
substrate are in agreementThe double reflex by a liquid crystal layer is not 
producedbut without [ without it becomes elliptically polarized lightand ] changing 
the optic axisthe linear polarization from the lower part of a liquid crystal panel 



reaches the polarizing plate stuck on the upper substrateand is intercepted. A 
liquid crystal panel is a thing in the state where there is no polarizing plate. 
[0005]As shown in drawing 13 (b) and (d)when it makes the direction 208 of the 
molecular axis of the liquid crystal element 205and a fixed angle and the electric 
field E are impressed in the direction 207 in general parallel to a substrate faceon 
the other handfor [ of the liquid crystal element 205 ] permittivity anisotropylt 
rotates in a field parallel to a substrate face so that the minor axis of the liquid 
crystal element 205 may become vertical to line of electric force. As a resultsince 
the direction of the optic axis of linear polarization and the molecular axis of a 
liquid crystal element which passed the polarizing plate stuck on the lower 
substrate shiftsthe light from the lower part of a liquid crystal panel is penetrated. 
An electrode and 204 are orientation controlling films 201 in drawing 13and 202. 
[0006]The thing with a numerical aperture low in the conventional liquid crystal 
display is because movement of a liquid crystal element originates in permittivity 
anisotropy. In the conventional liquid crystal displayin order to make 
transmissivity into the maximuma liquid crystal element must be rotated 45 
degrees. Thereforealthough required field intensity is called for with 
functionssuch as the permittivity anisotropy of a liquid crystal elementand a size 
of an elastic constantit is about 1v/micrometer in a common liquid crystal material. 
When applying this to the present pixel sizesince the length of the shorter side of 
a pixel is about 80 micrometersbetween the two electrodes 201 and 202 which 
sandwich the shorter side of a pixelabout [ 80V ] driver voltage is needed. 
Howeverin the usual matrix drive systemabout [ 80V ] driver voltage is not 
practical. Thereforein the conventional liquid crystal displayby providing a new 
electrode (not shown) in the pixel between the electrodes 201 and 202 in drawing 
13an electrode spacing is narrowed and driver voltage is reduced. Sosince the 
newly provided electrode section turns into a shaded partthe numerical aperture 
is falling. 

[0007]ln the conventional liquid crystal displayone difficult to get originates high 
contrast in structure of a liquid crystal display. It was a premise that a 



transmission axis of a polarizing plate stuck on each of an upper substrate of a 
liquid crystal display and a lower substrateand an absorption axis and molecular 
axis of a liquid crystal element of intercept [ from the above-mentioned 
explanation / at the time of impressing no voltage / light ] correspond. 
Temporarilyif these are not in agreementsince linear polarization which 
penetrated a polarizing plate stuck on a lower substrate turns into elliptically 
polarized light in response to a double reflex by a liquid crystal layerit will 
penetrate a polarizing plate stuck on an upper substrate, thereforein order to 
obtain a high contrast displayit is necessary to coincide thoroughly a 
transmission axis and an absorption axis of a polarizing plate which a rubbing 
direction of an upper substrate and each lower substrate was coincided 
thoroughlyand was stuck on itetc. an upper substrateand the lower substrates of 
each Howeversince it is difficult to coincide these four thoroughly when actually 
producing a liquid crystal displaythere is a problem that a display of high contrast 
is difficult to getand also reduces productive efficiency. 
[0008]This invention is made that SUBJECT of such conventional technology 
should be solvedand is a thing. 

The purpose is to provide a liquid crystal display which is made and can make 
contrast high and which is driven by a transverse electric fieldand a suitable 
liquid crystal element for the liquid crystal display. 

[0009] 

[Means for solving problem]Both the liquid crystal displays of this invention 
between the substrates of a couple with which perpendicular orientation 
processing was performedThe electrode for transverse electric field generating 
which the n type nematic liquid crystal which emits the spontaneous polarization 
by the piezo-electric effect was pinchedand was connected to at least one 
substrate of the substrate of this couple at the external control means and in 
which a matrix drive is possible is providedand the above-mentioned purpose is 
attained by that. The 1st principle of operation that mentions the operation in the 



case of being based on this purpose achievement means later explains. 
[0010]The liquid crystal element of this invention is a liquid crystal element of the 
banana form which combines two or more or cone form of the substantially rod- 
shaped molecule at least one indicates liquid crystallinity to beand the above- 
mentioned purpose is attained by that. 

[001 1]The liquid crystal element of this invention is the banana form or the liquid 
crystal element of a cone form which combines two or more of the substantially 
rod-shaped molecules at least one indicates liquid crystallinity to be as a 
substituent of a ring compound so that the major axis direction of at least two 
substantially rod-shaped molecules may cross mutuallyand the above-mentioned 
purpose is attained by that. 

[0012]lt is preferred that said ring compound is a compound which has a dipole 
moment. 

[0013]The liquid crystal element of this invention is the banana form or the liquid 
crystal element of a cone form which combines two or more of the substantially 
rod-shaped molecules at least one indicates liquid crystallinity to be as a 
substituent of a nonlinear type compound so that the major axis direction of at 
least two substantially rod-shaped molecules may cross mutuallyand the above- 
mentioned purpose is attained by that. 

[0014]lt is preferred that said nonlinear type compound is a compound which has 
a dipole moment. 

[0015]Said n type nematic liquid crystal may consist of a liquid crystal element of 
this invention. 

[0016]Both the liquid crystal displays of this invention between the substrates of a 
couple with which perpendicular orientation processing was performedThe n type 
nematic liquid crystal in which refractive-index ingredient n x for all directions in an 
XYZ coordinate system and n y differ from n z is pinchedThe electrode for 
transverse electric field generating which was connected to at least one substrate 
of the substrate of this couple at the external control means and in which a matrix 
drive is possible is providedand the above-mentioned purpose is attained by that. 



That from which refractive-index ingredient n x for all directions in an XYZ 
coordinate systemn y n z and dielectric constant ingredient epsilon x epsilon y and 
epsilon z differ can also be used for said n type nematic liquid crystal. It can 
replace with this and the ingredient within a field parallel to the substrate face of 
a dipole moment can use what consists of what is not 0 for said n type nematic 
liquid crystal. The 2nd principle of operation that mentions the operation in the 
case of being based on this purpose achievement means later explains. 
[0017]ln the liquid crystal display of this inventionit can have composition using 
the active-matrix driving method for having used the active device for a means to 
make the electrode for said transverse electric field generating drive. 
[0018]Belowan operation of this invention is explained. 

[0019]Since a n type nematic liquid crystal which emits spontaneous polarization 
by the piezo-electric effect is used for a liquid crystal material if it is in this 
inventionit becomes possible to operate a liquid crystal by operation of a 
transverse electric field to spontaneous polarization. 
[0020]With the piezo-electric effecta liquid crystal element with a permanent 
dipolefor examplea liquid crystal element with molecular shape near a cone 
(again foil rust type) or a banana formhere. When it is made to take orientation 
which exists compulsorilyan electric displacement arises in connection with itor 
when electric field are given converselyit says that orientation of a liquid crystal 
layer changes. For examplein the case of a liquid crystal element near a cone 
(again foil rust type)it will be in the state where a liquid crystal element 
assembled and was suitable in the direction of the arrow 1 105 as shown in 
drawing 3 (d)and spontaneous polarization will be generated. As shown in 
drawing 2 (c) in the case of a liquid crystal element near a banana 
formspontaneous polarization is generated in the direction of the arrow 405. 
[0021]Thereforeif a transverse electric field is made to act to the liquid crystal 
which carried out spontaneous polarization in this waya liquid crystal may be 
operated by this. For this reasonthe driver voltage for giving maximum 
transmittances can be reducedit becomes possible to eliminate the electrode in 



the pixel needed conventionallyand improvement in a numerical aperture can be 
aimed at. 

[0022]The liquid crystal element of this invention is a banana form molecule or a 
cone molecule (again foil rust type molecule)and a such-shaped molecule can be 
compounded by combining two or more of substantially rod-shaped moleculesfor 
example. If at least one uses the substantially rod-shaped molecule which shows 
liquid crystal linitya banana form liquid crystal element or a cone liquid crystal 
element can be obtained. A banana form liquid crystal element and a cone liquid 
crystal element can be obtained also by combining two or more of the 
substantially rod-shaped molecules at least one indicates liquid crystallinity to be 
as a substituent of a ring compound or a nonlinear type compoundso that the 
major axis direction of at least two substantially rod-shaped molecules of them 
may cross mutually. If what has a dipole moment is especially used as a ring 
compound or a nonlinear type compoundthe permanent dipole moment of the 
banana form molecule obtained or a cone molecule can be enlarged. The 
banana form liquid crystal element and cone liquid crystal element of this this 
invention are suitable for using for the liquid crystal display of this invention. 
[0023]lf it is in this inventionthe orientation of the liquid crystal element at the time 
of impressing no voltage is changed into the vertical thing from the thing parallel 
to the conventional substrate facethe necessity of coinciding the absorption axis 
of a polarizing plate and the absorption axis of a liquid crystal element is 
eliminated as the resultand high contrast can be planned easily. 
[0024]Such an operation can be obtained also by using the n type nematic liquid 
crystal in which refractive-index ingredient n x for all directions in an XYZ 
coordinate system and n y differ from n z . That isif it gives a transverse electric field 
to a liquid crystal so that it may mention later in using such a n type nematic 
liquid crystal refractive index anisotropy will break out in XY sideand refractive 
index anisotropy will change according to the size of a transverse electric field. If 
refractive-index ingredient n x and n y differ from n z at this timegenerally dielectric 
constant ingredient epsilon x and epsilon y will differ also from epsilon z but. In 



consideration of existence of the liquid crystal which is not soby this 
inventionwhen you use the liquid crystalsuppose that that from which refractive- 
index ingredient n x n y n z and dielectric constant ingredient epsilon x epsilon y and 
epsilon z differ is used. 
[0025] 

[Mode for carrying out the invention]Firstit explains per fundamental concept of 
this invention. 

[0026]Drawing 1 is a figure showing the 1st principle of operation in a liquid 
crystal display of this invention. Drawing 1 (a) is a front view showing a state at 
the time of impressing no voltage in a liquid crystal display of this inventionand 
drawing 1 (b) is the top view. Drawing 1 [ (c) is a front view showing a state at the 
time of voltage impressing in a liquid crystal display of this inventionand drawing 
1 (d) is the top view. An arrow in a figure of drawing 1 (c) and drawing 1 (d) 
shows spontaneous polarization of a liquid crystal layer. A state of direction and 
orientation of spontaneous polarization of a liquid crystal element shown in a 
figure is an exampleand changes with compositionfor exampleliquid crystal panel 
structureliquid crystal materialsorientation controlling film materialsetc. of a liquid 
crystal display. 

[0027]As shown in drawing 1 (a) and (b)in this inventionperpendicular orientation 
of the liquid crystal element 305 is carried out with the orientation controlling films 
302a and 302b. Perpendicular orientation may be carried out by the method 
except using an orientation controlling film. At the time of impressing no 
voltagesince the director of the liquid crystal element 305 is doing orientation at 
right angles to the surface of the substrates 303a and 303ba liquid crystal layer 
does not show refractive index anisotropy in a field parallel to a substrate face. 
For this reasonwithout [without it becomes elliptically polarized lightand ] 
changing that optic axisthe linear polarization which penetrated the lower 
polarizing plate (not shown) stuck on the lower substrate 303a bottom reaches 
the upper polarizing plate (not shown) stuck on the upper substrate 303b upper 
partand is thoroughly intercepted with that upper polarizing plate. 



[0028]Thereforeorientation treatmentsuch as rubbing for carrying out orientation 
of the liquid crystal element with fixed azimuth angles in parallel with a substrate 
facebecomes unnecessary, for this reasonthere is no necessity of coinciding the 
necessity of coinciding the rubbing direction of an upper substrate and each 
lower substrate or a rubbing axisthe transmission axis of a polarizing plateand an 
absorption axisand the display of high contrast is given easily. 
[0029]Nexta state at the time of voltage impressing is explained based on 
drawing 1 (c) and (d). 

[0030]Even if it impresses a transverse electric field to a liquid crystal element of 
a n type nematic liquid crystal which carried out perpendicular orientation as 
mentioned abovewhen operation of the liquid crystal element 305 originates in 
permittivity anisotropyit is thought that a director of a liquid crystal element does 
not change at all as compared with voltage impressing or beforebut. In the case 
of this inventiona liquid crystal element is operated by the piezo-electric effect or 
the FUREKUSO effect. Drawing 1 (c) and (d) showed the example of operation 
notionally. 

[0031]Suppose that a director axis and an axis of spontaneous polarization are 
the same as an example of distribution of spontaneous polarization by drawing 1 
(c) and (d). If the transverse electric field E is impressed by the electrodes 301a 
and 301 b via the power supply 306 in such the statea director of the liquid crystal 
element 305 shows bend orientation as shown in a figure. If an angle of the 
direction 308 of the transverse electric field E and the direction 304 of an 
absorption axis of a polarizing plate (not shown) stuck so that an up-and-down 
board and each absorption axis might cross at right angles to accomplish is 
ideally made into 45 degrees except 0 times at this timeLinear polarization which 
penetrated a lower polarizing plate stuck on the lower substrate 303b receives a 
double reflexand turns into elliptically polarized lightand the part passes an upper 
polarizing plate. 

[0032]ln this casewhat is necessary is for the value of retardee SHON of a liquid 
crystal layer just to be about 250 nmin order to obtain the greatest transmissivity 



in the wavelength zone of visible light. That isthe driver voltage in the liquid 
crystal display of this invention is voltage which sets the value of retardee SHON 
of a liquid crystal layer to 250 nm. For examplein the panel gap 5micrometer 
liquid crystal panel which has the structure which uses NBBA for a liquid crystal 
material and is shown in drawing 1 field intensity for the value of retardee SHON 
to be 250 nm was about 0.08v/micrometer in general. 

[0033]Driver voltage when the length of the shorter side of stroke matter is about 
80 micrometers will be about 6. Wand even when it uses a general matrix drive 
systemthe drive of it is attained from this only by the electrodes 301a and 301b of 
the lot provided in the both ends of the pixel. Thereforeby conventional 
technologyif it is in this inventionsince it becomes possible to eliminate the 
electrode in the required pixela numerical aperture improves. 
[0034]Belowthe manifestation of the spontaneous polarization in the liquid crystal 
display of this invention is explained using drawing 2 . Herethe case of the liquid 
crystal element of a banana form is mentioned as the example as a liquid crystal 
element. The case of the composition of having a polarizing plate which is made 
to carry out orientation of the liquid crystal material which has the liquid crystal 
element in vertical orientation films as a liquid crystal displayand is driven by a 
transverse electric field is assumed. 

[0035]Drawing 2 (a) is the mimetic diagram which observed each liquid crystal 
element of the liquid crystal material at the time of no electric-field impressing in 
the liquid crystal display of this invention. 403 in a figure and 404 are the 
substrates which performed perpendicular orientation processingand 402 is a 
permanent dipole moment. 

[0036]Although each liquid crystal element 305 has turned to the direction in 
which the major axis direction of a molecule is in general constant when electric 
field are not impressedthe direction of a minor axis has turned to various 
directions for the surrounding rotational degrees of freedom of a major axis. 
Thereforeas the whole liquid crystal layerspontaneous polarization is not shown 
and refractive index anisotropy is not shown in a field parallel to the substrates 



403 and 404. 

[0037]On the other handif a transverse electric field is impressed as shown in 
drawing 2 (b)electric field will act on the permanent dipole moment 402andin 
direction of the permanent dipole moment 402spontaneous polarization will occur 
in the direction of the arrow 405 in a macroscopic field according to the piezo- 
electric effect at the beginning of a set. Since the liquid crystal element is 
carrying out banana form in connection with itas shown in drawing 2 (c)the liquid 
crystal element 305 carries out orientation to the shape of Bend. As a 
resultrefractive index anisotropy will be presented by the whole liquid crystal 
layer. 

[0038]When a form of a liquid crystal element is close to a cone (again foil rust 
type)spontaneous polarization is generated as shown in drawing 3. Hereas 
shown in drawing 3 (a)a case where perpendicular orientation of the liquid crystal 
element 305 whose major axis direction and direction of a minor axis of the 
permanent dipole moment 1 102 and the liquid crystal element 305 do not 
correspond in a liquid crystal element of a cone form is carried out is considered. 
[0039]Since the major axis can be freely rotated as an axis to the liquid crystal 
element 305 inserted with the substrates 1 103 and 1 103 which performed 
perpendicular orientation processing when electric field are not impressedas 
shown in drawing 3 (b)spontaneous polarization does not occur. Howeverwhen 
the transverse electric field 1 104 as shown in drawing 3 (c) from the exterior is 
impressedthe permanent dipole moment 1102 of each liquid crystal element 305 
begins to be equal to a certain directionand it becomes bend orientation as 
eventually shown in drawing 3 (d). As a resultspontaneous polarization as shown 
in drawing 3 (d) as the whole liquid crystal layer is presentedand refractive index 
anisotropy is generated in a field parallel to a substrate face. When using a liquid 
crystal of a cone form like drawing 3 (a)four kinds of deformed states shown in 
drawing 3 (d) - (g) can be considered by a vertex of a cone formand any at the 
bottom touch a substrate face. It may be in a mixture state of these four kinds of 
modification. 



[0040]From the above explanationan ingredient of the direction of a minor axis of 
a permanent dipole moment uses a liquid crystal material which is not zero in this 
invention. 

[0041 ]ln this inventiona molecule of a banana form and a conic (again foil rust 
type) molecule are compoundable by combining two or more of substantially rod- 
shaped moleculesand if what shows liquid crystallinity as shown in the following 
table 1 is used as at least one of thema liquid crystal element of a banana form 
or a cone form can be obtained. For exampleby carrying out an ester 
condensation reaction using the Schiff system compound which has a carboxyl 
group as shown in the following structural formula 1 as a substantially rod- 
shaped molecule which shows liquid crystallinity with a compound which has an 
alcohol group as shown in the following structural formula 2lt is possible to obtain 
a liquid crystal element of a banana form as shown in the following structural 
formula 3. A cone molecule as shown in the following structural formula 10 can 
be obtained similarly. 
[0042] 
[Table 1] 

[0043] 

[Chemical formula 1] 
[0044] 

[Chemical formula 2] 

[0045]The molecule of these banana forms and cones (again foil rust type) is 
compoundable also by making it join together as substituent Ri of a nonlinear 
type compound as shown in a ring compound as shows two or more of 



substantially rod-shaped molecules in the following tables 2-4or the following 
table 5and R2. Herea substantially rod-shaped molecule is combined with the 
replacement positions that the major axis direction of at least two substantially 
rod-shaped molecules crosses mutually. Also in this caseif what shows liquid 
crystallinity as shown in the above-mentioned table 1 is used as at least one of 
substantially rod-shaped moleculesthe liquid crystal element of a banana form or 
a cone form can be obtained. For exampleby carrying out an ester condensation 
reaction using the Schiff system compound which has the carboxyl group shown 
in the above-mentioned structural formula 1 as a substantially rod-shaped 
molecule which shows liquid crystallinity with the ring compound which has an 
alcohol group as shown in the following structural formula 5lt is possible by 
combining a substantially rod-shaped molecule similar to the above-mentioned 
structural formula 1 as a substituent of ethylene so that it is possible to obtain the 
liquid crystal element of a banana form as shown in the following structural 
formula 6 to obtain the liquid crystal element of a banana form as shown in the 
following structural formula 8. A cone molecule as shown in the structural formula 
11 or the structural formula 12 can be obtained similarly. 
[0046] 
[Table 2] 



[0047] 
[Table 3] 



[0048] 
[Table 4] 



[0049] 



[Table 5] 



[0050] 

[Chemical formula 3] 
[0051] 

[Chemical formula 4] 

[0052]Use the ring compound which has a substituent as especially shown in the 
above-mentioned table 3and the ring compound which has a dipole moment like 
a heterocycle compound as shown in the above-mentioned table 4orlf the 
nonlinear type compound which has a dipole moment like ketone of the above- 
mentioned table 5 is usedthe permanent dipole moment of the banana form 
molecule obtained or a cone molecule can be enlarged. For examplea cone 
molecule as shown in a banana form molecule as shown in the following 
structural formula 7 or the following structural formula 9the following structural 
formula 13aor 13b is mentioned. 
[0053] 

[Chemical formula 5] 
[0054] 

[Chemical formula 6] 

[0055]ln the banana form molecule or the cone moleculethe substantially rod- 
shaped basis which shows liquid crystallinity may be combined with the 



substantially rod-shaped basisring compoundor nonlinear form compound which 
two or three or more of those do not show liquid crystallinity. As for a 
substantially rod-shaped moleculeat least one shows liquid crystallinityand other 
things do not just show liquid crystallinity. 

[0056]Nextthe liquid crystal display of this invention explains the Reason for the 
ability to aim at improvement in a high speed response. 
[0057]ln conventional technologywhen field intensity increasesthe permittivity 
anisotropy of a liquid crystal element and electric field couple directlyand the 
liquid crystal element is movedbut when field intensity decreasesmovement of a 
liquid crystal element originates only in the stability of the liquid crystal element 
which is an elastic body. Thereforethe response at the time of decreasing as 
compared with the response at the time of field intensity increasing is remarkably 
slowand this is reducing the whole speed of response. 

[0058]On the other handsince electric field and spontaneous polarization couple 
directly also when it is any in the case of decreasing when field intensity 
increases in this inventionthe speed of response at the time of field intensity 
decreasing and it at the time of electric field increasing become comparableand 
speed of response improves as a whole. Improvement in the speed of the speed 
of response from a voltage impressing state to a non-applying state is especially 
possible. 

[0059]Nextthe 2nd principle of operation in the liquid crystal display of this 
invention is explained. 

[0060]A liquid crystal element is rotated around a major axis by a transverse 
electric fieldandtherebythe liquid crystal layer of a liquid crystal panel may be 
made to reveal refractive index anisotropy in this invention. In the XYZ coordinate 
system which set the Z-axis as the major axis direction of a moleculethe liquid 
crystal material in which the dielectric constants of all XYZ(s) differ [ refractive 
index / of the direction of all XYZ(s) ] is used for this. This is explained based on 
drawing 4. 

[0061 ]A figure when a transverse electric field is impressed to the liquid crystal 



material of nz>nxnz>nyand nx=ny as for drawing 4 (a) Drawing 4 (b) 
nz>nxnz>nynx!=nyand epsilonz<epsilonxA figure in case the transverse electric 
field is not impressed with the liquid crystal material of epsilonz<epsilony and 
epsilon x!=epsilon yand drawing 4 (c) are figures when a transverse electric field 
is impressed with the liquid crystal material of nz>nxnz>nynx!=ny and 
epsilonz<epsilonxepsilonz<epsilonyand epsilon x!=epsilon y. 
[0062]As shown in drawing 4 (a)since XY ingredient of a refractive index is 
equalthe usual n type nematic liquid crystal does not present refractive index 
anisotropy irrespective of the existence of a transverse electric field in a field 
parallel to a substratei.e.a xy plane. On the other handsince the liquid crystal 
material in which the dielectric constants of all XYZ(s) differ [ refractive index / of 
the direction of all XYZ(s) as shown in drawing 4 (b) and (c) ] in the case of this 
invention is usedas shown in drawing 4 (c)a transverse electric field acts on the 
permittivity anisotropy within XY sideand a liquid crystal element rotates the Z- 
axis as an axis. Howeverlike [ in the case of drawing 4 (b) ]when not impressing 
a transverse electric fieldrefractive index anisotropy is not generated. 
[0063]Thereforeif a refractive index of the direction of all XYZ(s) uses a liquid 
crystal material in which dielectric constants of all XYZ(s) differ in addition and 
gives a transverse electric field to this liquid crystal materialln connection with 
itrefractive index anisotropy can break out in XY sideand transmissivity of light 
can be changed with the whole liquid crystal display according to a size of a 
transverse electric field. In this casesince there is little quantity of motion of a 
liquid crystal element as compared with operational modessuch as TNa high 
speed response is possible. Drawing 5 is structural drawing showing an example 
of a liquid crystal material used in this invention which refractive index anisotropy 
generates in XY side in connection with itwhen a transverse electric field is given. 
Drawing 5 (a) and and (b) is nz>nxnz>nyand a liquid crystal material that fulfills 
conditions of nx!=ny. [ both ] 

[0064]A liquid crystal material in which X ingredient of a permanent dipole 
momentY ingredientor XY car ingredient is not zeroand X ingredient of a 



refractive index and Y ingredient differ from Z ingredient can be used as more 
liquid crystal material which makes the second principle of operation possible. In 
this casea transverse electric field acts on a permanent dipole momentand a 
liquid crystal element rotates the Z-axis as an axisand generates refractive index 
anisotropy in XY side. 

[0065]Nextit is possible to use the above-mentioned electrooptics characteristic 
for the display of arbitrary Still Picture Sub-Division and an animation in the liquid 
crystal display of this invention. The Reason is explained below. 
[0066]The liquid crystal display of the same composition as this 
inventioni.e. composition of having had the n type nematic liquid crystal + vertical- 
orientation-films + transverse electric field impression electrode + polarizing 
plateis known (USP3. 687.51 5). Howeverthis technology is the technology limited 
to the segment displayand there is a problem at the point which cannot carry out 
the high definition display of arbitrary still pictures or animations. With this 
technologyif it puts in another wayin order to set up two or more fields (pixel) 
which can change the transmissivity of light independently in one paneltwo or 
more electrodes which can be driven independently were providedand only the 
number of electrodes has provided the lead for introducing voltage into each 
electrode from the panel exterior. It is difficult to express a minute picture as such 
composition. It is because a lead increases only the number of the electrodes 
which had to increase the number of the electrodes which can be driven 
independently and increased in conventional technology in order to raise the 
definition of a pictureso arrangement of the lead within a panela contact button 
with the drive circuit of the panel exterioretc. increase. 

[0067]On the other handthe matrix driving method is used in this invention. The 
matrix driving method is a system which drives two or more electrodes 
independently with leads fewer than the number. In this caseit may connect with 
some electrodes via active devicessuch as a lead transistor. It may connect with 
an electrode via the gas layer which can change conductivity with methodssuch 
as dischargebetween leads. 



[0068]ln technology of USP3.687.515. Although reference was not made about a 
mechanism which reveals change of light transmittance which is the purposebut 
selection of n type nematic liquid crystal material used for panel structure is 
difficult and also problemssuch as high-tension-izing of driver voltage and a fall of 
speed of responsewere produced depending on material to be usedA n type 
nematic liquid crystal material specific in this inventioni.e.a liquid crystal material 
which may generate spontaneous polarization in the 1st principle of operation, 
[whether a liquid crystal material which fulfills conditions of nz>nxnz>nyand 
nx!=ny by the 2nd principle of operation is usedand ] or a thing which fulfills 
conditions of epsilonz<epsilonxepsilonz<epsilonyand epsilon x!=epsilon y in 
addition to thisor a thing out of which an ingredient within a field parallel to a 
substrate face of a dipole moment (inside of xy side) does not come zero is 
usedtherefore such a problem does not arise. 
[0069] 

[Working example] 

(Embodiment 1) Drawing 6 is a schematic view (top view) showing a liquid crystal 
display concerning this invention. 

Drawing 7 is a top view showing the one picture element partand a sectional view 
according [ drawing 8 ] to an A-A line of drawing 7 . 

[0070]As for this liquid crystal displaythe n type nematic liquid crystal 510 is 
enclosed among the substrates 501 and 502 of a couple. 
The liquid crystal material which consists of a liquid crystal element of a banana 
form [ liquid crystal / 510 ] or a liquid crystal element of a cone form is used. 

[0071 ]The scanning line 503 which branches and has the gate electrode 503a in 
the liquid crystal 510 side of the lower substrate 502 is wiredand the insulator 
layer 51 1 is formed on it. The semiconductor layer 512 is formed on the gate 
electrode 503a of this insulator layer 51 lit dissociates on the semiconductor 
layer 512 and the source electrode 514 and the drain electrode 515 are formed. 



The thin film transistor element 601 is constituted by the above. 
[0072]The above-mentioned source electrode 514 is the portion which branched 
from the signal wire 504. One electrode 603 of the electrodes 603 and 604 of a 
couple is connected to the drain electrode 515. The electrode 604 of another side 
is formed on said insulator layer 51 1 it is a portion which the two electrodes 603 
and 604 counterand the pixel display part 605 which gives a transverse electric 
field to said liquid crystal 510and drives the liquid crystal 510 is constituted. The 
electrode 604 of another side is connected to the common line 505 formed on the 
insulator layer 511. 

Said signal wire 504 is also formed on the insulator layer 51 1 . 
The insulator layer 516 is formed on the substrate of this stateand the orientation 
controlling film 517 is formed on that insulator layer 516. The polarizing plate 518 
is formed in the opposite hand in the liquid crystal 510 of the substrate 502. With 
the active matrix substrate constituted in this waythe polarizing plate 521 is 
formed in the opposite hand in the liquid crystal 510 on both sides of the liquid 
crystal 510 at the substrate 501 of the opposite hand. 

The liquid crystal 510 side is countered with said pixel display part 605the light 
filter 607 is formedand the flattening film 522 is formed on the light filter 607. 
The orientation controlling film 523 is formed on this flattening film 522and 
orientation treatment which carries out perpendicular orientation is performed in 
the liquid crystal element of the liquid crystal 510 to this orientation controlling 
film 523 and said orientation controlling film 517. 

[0073]The opposing part of the electrodes 603 and 604 of the couple from which 
said pixel display part 605 is constituted between both boards was formed in 
protuberance form voicecontacted the orientation controlling film 523 which the 
projection portions 603a and 604a provided in the substrate 520and has adhered. 
This projection portion has a function as a spacer for adjusting a cell gap. When 
the projection portions 603a and 604a of the electrodes 603 and 604 are formed 
so that both substrates may be reachedthe liquid crystal thickness portion which 
can be driven may be increased rather than the case where it is an electrode 



without the case where it is lower than itor a projection portion. Howeveran 
electrode without the case where it is lower than itor a projection portion may be 
used. In this case-izing of the manufacture cost can be carried out [ cheap ]. 
[0074]A video signal is given to the signal wire 504 of the liquid crystal display 
constituted in this way from the signal drive circuit 507and a scanning signal is 
given to the scanning line 503 from the scan drive circuit 508. Common voltage is 
given to the common line 505 from the common voltage generation circuit 509. 
[0075]The liquid crystal display of this example is produced by the conventional 
typical producing methodand the matrix drive by the thin film transistor element 
601 is possible. The diagonal line of the pixel display part 605 which has the light 
filter 607 is 12 inchesthe pixel display part 605 comprises 640x400x3 pixelsand a 
cell gap is 5 micrometers. The projection portions 603a and 604a of the 
electrodes 603 and 604 of the couple which constitutes the pixel display part 
605As shown in drawing 9 the length along a substrate face is set to 300 
micrometersthe width both has become [ both ] 10 micrometersand the distance 
between the neighborhoods of the outside with both the projection portions 603a 
and 604a has become about 100 micrometers. As a picture element pitchit is 
about 136 micrometers. 

[0076] Drawing 10 is a figure showing a result of having impressed the same 
voltage to all the pixel display parts of a liquid crystal displayand having 
measured a voltage transmissivity characteristic when the liquid crystal MBBA of 
a banana form liquid crystal element which is a typical n type nematic liquid 
crystal material was used in the liquid crystal 510. 

[0077]The liquid crystal display of this example was able to make transmissivity 
high enough also on low voltage so that I might be understood from this drawing 

10. 

[0078]Nextwhen the signal drive circuit 507the scan drive circuit 508and the 
common voltage generation circuit 509 were connected to this liquid crystal 
display and a still picture and an animation were displayed on it as a typical drive 
circuit for liquid crystal display elementsit became possible to display a high 



picture of contrast. 

[0079](Embodiment 2) It was made to join together using the Schiff system 
compound which has a carboxyl group shown in the following structural formula 1 
as a substantially rod-shaped molecule which has liquid crystallinity by a 
compound and an ester condensation reaction which have an alcohol group 
shown in the following structural formula 2. It was a banana form as stable 
structure shows in the following structural formula 3 in the case of n= 3 in the 
structural formula 2and was approximately linearas stable structure shows in the 
following structural formula 4 in the case of n= 2. 
[0080] 

[Chemical formula 7] 

[0081]When the same liquid crystal display as Embodiment 1 was produced 
using the banana form molecule of the above-mentioned structural formula 
3since transmissivity was made high enough also on low voltagethe numerical 
aperture could be improvedand the high picture of contrast was acquired in a still 
picture and animation display. On the other handsuch an effect was not acquired 
when the approximately linear compound of the above-mentioned structural 
formula 4 was used. 

[0082](Embodiment 3) The Schiff system compound which has a carboxyl group 
shown in the following structural formula 1 is used as a substantially rod-shaped 
molecule which has liquid crystallinityBy making it combine with the benzene ring 
shown in the following structural formula 5 by the dihydroxybenzene and the 
ester condensation reaction which are the compounds which have two alcohol 
groupsthe molecule of the banana form as shown in the following structural 
formula 6 was obtained. 
[0083] 

[Chemical formula 8] 



[0084]When the same liquid crystal display as Embodiment 1 was produced 
using the banana form molecule of the above-mentioned structural formula 6the 
numerical aperture was improved and the high picture of contrast was acquired. 
The same effect was acquired even if it used the ring compound as shown in the 
above-mentioned table 2 instead of the dihydroxybenzene shown in the above- 
mentioned structural formula 5. 

[0085](Embodiment 4) By using the benzene ring by which fluoride substitution 
was carried out instead of the dihydroxybenzene shown in the above-mentioned 
structural formula 5the molecule of the banana form as shown in the following 
structural formula 7 was obtained. 
[0086] 

[Chemical formula 9] 

[0087]ln the molecule of the above-mentioned structural formula 7it had a big 
permanent dipole moment compared with the molecule of the above-mentioned 
structural formula 6. The Reason is explained below using drawing 1 1 and 
drawing 12 . 

[0088]Drawing 1 1 (a) is a figure showing an outline of molecular shape of the 
above-mentioned structural formula 6and a dipole moment of each cylindrical 
moleculeand drawing 1 1 (b) is a figure showing a permanent dipole moment 
which total of the dipole momenti.e.a liquid crystal element of the structural 
formula 6has. Drawing 12 (a) is a figure showing an outline of molecular shape of 
the above-mentioned structural formula 7and a dipole moment of each cylindrical 
moleculeand drawing 12 (b) is a figure showing a permanent dipole moment 
which a liquid crystal element of the structural formula 7 has. 
[0089]A liquid crystal element of the structural formula 7 introduces a fluorinated 
substituent into the benzene ring of a liquid crystal element of the structural 
formula 6. Is [ whether there is any dipole moment which originates in a center 



section of the banana form molecule at a fluorinated substituentor ] there a 
difference between drawing 1 1 and drawing 12 as for nothing? As for total of a 
dipole moment which a liquid crystal element of the structural formula 6 and the 
structural formula 7 hasi.e.a permanent dipole moment of a liquid crystal 
elementa direction of the structural formula 7 becomes large so that clearly from 
drawing 1 1 and drawing 12 . 

[0090]Thusa place which produced the same liquid crystal display as 
Embodiment 1 using a banana form molecule of the above-mentioned structural 
formula 7 with a large permanent dipole moment compared with the above- 
mentioned structural formula 6lmprovement in the speed of speed of response 
could be attained rather than a case where a banana type molecule of the above- 
mentioned structural formula 6 is usedand since transmissivity was made high 
enough also on low voltagea numerical aperture could be improvedand 
moreovera picture of high contrast was able to be acquired. Therebyit becomes 
easy to carry out a design of a drive circuitand power consumption was able to 
be made small. 

[0091 ]An effect of increasing a permanent dipole moment similarly even if it uses 
a ring compound as shown in a ring compound which has a substituent as shown 
in the above-mentioned table 3 instead of and the above-mentioned table 4 is 
acquired[ benzene by which fluoride substitution was carried out ] High- 
numerical-aperture-izing of a liquid crystal displayhigh-contrast-izingand 
reduction of driver voltage and improvement in the speed of speed of response 
were able to be attained. 

[0092](Embodiment 5) It was made to join together via ethylene using a 
substantially rod-shaped molecule similar to the above-mentioned structural 
formula 1 as a substantially rod-shaped molecule which has liquid crystallinity. 
When it compounded so that two rod-like molecules may become cis- structure 
to ethylenea molecule of a banana form as shown in the following structural 
formula 8 was obtainedand when it compounded so that two rod-like molecules 
may become a trans configuration to ethylenean approximately linear molecule 



was obtained. 
[0093] 

[Chemical formula 10] 

[0094]When the same liquid crystal display as Embodiment 1 was produced 
using the banana form molecule of the above-mentioned structural formula 
8since transmissivity was made high enough also on low voltagethe numerical 
aperture could be improvedand the high picture of contrast was acquired in a still 
picture and animation display. On the other handsuch an effect was not acquired 
when an approximately linear compound was used. 

[0095]Even if it used the ether group as shown in the above-mentioned table 5 
instead of ethylenehigh-numerical-aperture-izing and high-contrast-izing of the 
liquid crystal display were able to be attained similarly. 
[0096](Embodiment 6) The molecule of the banana form as shown in the 
following structural formula 9 was obtained by using a ketone group as shown in 
the above-mentioned table 5 instead of ethylene. 
[0097] 

[Chemical formula 11] 

[0098]ln the molecule of the above-mentioned structural formula 9it has a big 
permanent dipole moment compared with the molecule of the above-mentioned 
structural formula 8When the same liquid crystal display as Embodiment 1 is 
produced using this banana form moleculecan attain improvement in the speed 
of speed of response rather than the case where the banana type molecule of 
the above-mentioned structural formula 8 is usedand. Since transmissivity was 
made high enough also on low voltagethe numerical aperture could be 
improvedand moreoverthe picture of high contrast was able to be acquired. 
[0099] 



[Effect of the lnvention]As explained in full detail abovewhen being based on this 
inventionit became possible to provide the liquid crystal display which can 
improve a numerical aperture and can make contrast high and which is driven by 
a transverse electric field. 

[0100]When based on this inventionat least one combines two or more of the 
substantially rod-shaped molecules which show liquid crystallinityOr when at 
least one combined two or more of the substantially rod-shaped molecules which 
show liquid crystallinity as a substituent of a ring compound or a nonlinear 
compoundthe banana form liquid crystal element or the cone liquid crystal 
element (wedge shape liquid crystal element) was able to be obtained. 
Thereforethe banana form liquid crystal element or cone liquid crystal element 
suitable for the liquid crystal display of this invention which has sufficient 
permanent dipole moment was able to be obtained. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]lt is a figure explaining the first principle of operation in the liquid 
crystal display of this invention. 

[Drawing 2]ln this inventionit is a figure explaining the manifestation of the 
spontaneous polarization in the liquid crystal element of a banana form. 
[Drawing 3] ln this inventionit is a figure explaining the manifestation of the 
spontaneous polarization in the liquid crystal element of a cone form. 
[Drawing 4]ln this inventionit is a figure for explaining a desirable liquid crystal 
material to rotating a liquid crystal element around a major axis by a transverse 
electric fieldand making the liquid crystal layer of a liquid crystal panel reveal 
refractive index anisotropy by this. 

[Drawing 5]lt is a figure showing the structure of a suitable thing to use for the 
liquid crystal material of this invention. 



[Drawing 8j lt is a schematic view of the liquid crystal display of the embodiment 
of this invention. 

[Drawing 7j lt is a top view showing one picture element part in the liquid crystal 
display of drawing 6. 

[Drawing 8j lt is a sectional view by the A-A' line of drawing 7 . 

[Drawing 9] lt is a figure explaining the size of the electrode section of the couple 

in the liquid crystal display of drawing 6. 

[Drawing 10]lt is a figure showing the result of having impressed the same 
voltage to all the pixel display parts of a liquid crystal displayand having 
measured the voltage transmissivity characteristic when MBBA which is a typical 
n type nematic liquid crystal material was used in the liquid crystal of the liquid 
crystal display of drawing 8. 

[Drawing 1 1JIt is a figure showing a dipole moment about the banana form 
molecule of the structural formula 6. 

[Drawing 12]lt is a figure showing a dipole moment about the banana form 
molecule of the structural formula 7. 

[Drawing 13]lt is a figure showing the composition of the liquid crystal display of 

conventional technology. 

[Explanations of letters or numerals] 

301a and 301b Electrode 

302a and 302b Orientation controlling film 

303a and 303b Substrate 

304 The direction of the absorption axis of a polarizing plate 

305 Liquid crystal element 

306 A power supply 

308 The direction of a transverse electric field 

402 A permanent dipole moment 

403 and 404 A substrate 

405 The direction of spontaneous polarization 
501 and 502 A substrate 



503a A gate electrode 

503 A scanning line 

510 A n type nematic liquid crystal 

51 1 An insulator layer 

512 A semiconductor layer 

514 A source electrode 

515 A drain electrode 

504 A signal wire 

505 A common line 

507 A signal drive circuit 

508 A scan drive circuit 

509 A common voltage generation circuit 

516 An insulator layer 

517 An orientation controlling film 

518 A polarizing plate 

521 A polarizing plate 

522 A flattening film 

523 An orientation controlling film 
601 A thin film transistor element 
603 and 604 An electrode 

603a and 604a A projection portion 
605 A pixel display part 
607 A light filter 

1102 A permanent dipole moment 

1103 A substrate 

1 1 04 A transverse electric field 
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tsm 2 ©Bf^jsa^Kwr « 0 

[0 0 17] *^0)>S B B B a/TxgWc33^r, tuiB^m 
7*7- 4 7* h 'J y fX«fta*ffl^*«j«i:r* E <k 

[0 0 18] J-XTIC, *«WflDftffllc-3^TM«T*. 

[0 0 19] *SEKS-3TM\ ftAtifttis Emas 
lc<fc*S«»a*«r* nl*?7^ y *»Jl*fli^« 
<DT\ S^ffilc*f**«*#?©fMlU: J: o T» B B B ^B) 
ft*-S*Ct^Rll6«kft*o 

[0020] Em^<k(i, 7*^jRffi?*«fc^ 

/c<k^«'»™^Ril^ (XfcK*WB) 
•¥>/^^-^lc£ov» B B B »?A\ ?S$iJWlc^SIB[R]^<k 5 

-^fcJf^ic ^fticfformMSf»*^i:s, sfett. 

*©5S»lc*|ffl^#* ftfc <k ^-^ B B B ilc7)IB^6^ft1-S 

E<k£w^o rctm. pom (xn<*tfjK) icie^ 
-;« B B B #?rojf£icw\ S3 (d) [c^fcfcatc^Epi i 
o 5 (Dfimm&ttmi^z ft t % y i 

2 (c) lC^t<fc5lCftSl4 0 5©*lRllcg«»a*« 
[00 2 1] LftffoTs E(75J;a[cgfg^ffiLfc^ B B B 

ffi£»1-3E<kA 5i Rlfl<k%y, MP*©iRi±*Hft 

So 

[0022] *«w©jSHi»?tt, rti-t-mttf-stcit 
«ci:ic«fcy^aRrii?*3. 'j^i^i-^ 

$fcliRII^ B B B ^?^#SE<k^r*So 'j>% 



(4) 
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'PK < <k^ 2 -3®l6#K#?®*«£iR]#SWJ:XM-r 
£JB l^* , » 5 ft 3/ *PWUB»y G>*& 
[0 0 2 3] *»WlcSoTHs mE*EPl)PBf(7) 

*fts S=l> h^X hA^l^mft^ 0 

[0024] ccfcaftftffliis xYZftHRicfcw-a 

&£lR]fl>JISf*S#nx. n y , nzCIS^nS^f 
-r y -7-$A£ffl^3 c <k [Ccfco it, ff« ctff?* 

«#lctt, SHSf *<fc 5 IcfSMSfcjSfllctt^* 3 <k, 
XYSrtlEBSf*JI*tt3C«8SU ««l|i©*#*lcj« 

liTaswustt^SEffc-r*. crofts jmsf*j8#n 

x, n y , n z #M£ft«\ -*H«:WI*JS#ex. e y , 

l/f^/$#n x , n y , n z i5<fcO : Rm$s!6»£x. £y- £z 
©gS^fcODfcfiEfll-r* C <k <kf3o 
[0 0 2 5] 

[0 0 2 6] H1li % *^(73« H H H a^SBlCi5tt«m 

i ©Brftsa*^-ria?s«o si (a) 

S'A 11 (b) li*©¥SH?S«o Sfcs IH1 

( c ) li jftftS^SB IE 33 « ME EPlJO Bf <7)tt 
JB*^-riEEH?Sys SI (d) tt*fl!>¥ffiBI?S 
«o S&\ SI (c) is^tfrni (d) £>m*<D££PW: 

Eft lc &-oTmttZ>o 

[0027] mi (a) nav (t>) ic^fctaic, * 
mmz-im&tt 305 ^e^wph 302a, 302 

btcTSIIEft^Tl^o Eft»H£ffl^3JXfl-tf) 
^S^BIBIrI^-ST^J;^ mffiftEPlJOBf, »fi»? 
3 0 5©$f-f U**-ttS«3 0 3 a, 3 0 3 b<DHH 

3 a®TfflU:ft&yttttfcTffi3fc« (HavS**) £i§i© L 



$ft££ik*tf3;i<k%<, ±SS3 0 3 b(7)±fflij[ciiu 

[0 0 2 8] lol, ^A^^SSUHKWt^ 
•3-£©*ffiftfl|-WBlRl*-&*fe«6©^tf>^»©ElRl 

[0029] ^ «EWiPB$o«i6ic-3^T, mi 

(c) SSj^tf (d) IcS^TKWTSo 

[00 3 0] ±a©«t'5lcSBElRlLfenS!*^7 1 'fy 

5 ©BfE#Bi«¥g£tel«:jBH LTl/**«£U:H:. -$A 
©^-T U ? * -timEEpjjpJ-Xtutctb LTft Sg<k L 
4l^«6ft«ff, *»W©«#lc ti$ B B B 5r?£I±m 

*©»f^J*l^«lc^Lfc©tf, mi (c) S5<tt>- 

(d) T'£3o 

[003 1] mi (c) SJ:^ (d) ZHZ, &§ZftM(D 

m--e&%tt%<, chiasm m?JS3 0 6^ 

LT113 0 1 a, 3 0 1 blcJ:U«m^E6^EPl)0*ft 

fttf* -;s H B H »?3 o scD^vu^^-ii, m^ctas^ 

±TSfilc^ft^ft(7)PSiRttA , ;B5ct« J: 5 icWJWt 

tcimms. m^t) ©i»iixa©*iRi3 0 4<s:©*-rft 

JS^OJSJ-X^ S*cSWlc(i4 5JSlcTft(i; TS«3 0 

3 b lefts y^/cTffi»t«*2ifl LkwmimtwatfT 
[0032] Ria)ifia)»*ii«?**©®a 

2 5 0 n mejSlcTfttfglA, BP*. 

V(Ofil*2 5 0 nmlc-r*«E?S«o ftiAtf* ftA 
WPICN B BA?ffll\ m 1 IC*r«I?ft«/ , !*Jl' 
y 75 m mro$ B B B /\°*M;:i5^T\ W-ti-> 
a >(Dfl^2 5 0 n mckT^fc&romf^SJtWu «fe 
0. 0 8V/f/mia?«oft. 
[0 0 3 3] CCDCtfrB. -H«(7)S2(7)**^8 0 
MmSJS<kLfcii^(7)Igi!imEli6. 4VSS<k& t A 
-KW^^ h U y^XlgB^^ffl^fc^r^HSroS 

Ssicisi7fc-iiromffi3 oia, 301 b©*?esiRr 

46. IHIP*tflR]±T3o 
[0 0 3 4] J-XTtc, *«^©j«fta^Sillcj$^«i 

» B B B 5r?<k LT/\'t-t-^(7)^ b b b 5t?(7)^^#iJ 
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[0 0 3 5] 0 2 (a) «: % *fg0SCD-» H H H a/T^atCi3 

L/cJgiCEIT^o 0^(7)4 0 3. 4 0 4[iMBiBlRlj!!l 
Wkm LfcSSTS 'A 4 0 2 W*A3DlB?t->« V h 

[0036] mi^^Epiip^tiTo^o^t, m^cDmik 
3 o 5tt^©^£Att«fc-£d!)£iR]£iR]i/>T 
u^toos Jsa*iRii±fta©stoy©iHissfifi©fc 

»lc«^3a:3&lRl*lRl^T^*. «JiJi£tt£ 
LTtt, i«»a*^*rs SfcSS4 0 3, 4 0 41: 

[0 0 3 7] CJhicfcfLTs HI 2 (b) lEjjVT<f:-5lE % 

a*» j^wip* titiig, fkzjmf-*-* y v 4 0 2 ic 

*##fM LT*^JKB?t-y> h 4 0 2<DlR]#tffi} 
t/>*&a&* Ema^^J; U g£ttS£«T?£B] 4 0 5 
lRllEg»5MHW8£T*. *;W«m\ 
^-JBttSLTt^CtfrSs 0 2 (c) lcjj*T<fcafo 
»Jl#?3 0 5 6^> KtttcIBlRlLT^<o *©|gjm 

[0 0 3 8] »*£?©flS#PJIt6flS (Xtt<*tfl» IE 

Z.X\ 03 (a) lE/Tx-T<taiE, Rftff;<75« B H B #?lcS$ 
^T**JKffi? ^-^ V M 1 0 2 <h« H H H »?3 0 54) 

3 0 5*SBElRl*-&fc«#lc^T*>L«o 

[0039] 03 (b) [zm^^^mm^m^tiz 

SMBlRrt&SfcJSLfcSSl 10 3, 11 



0 3teTS*;h.fcj*ii#f 3 0 5 lcH:*®*«£«£ L 

ls#s. ^gp^503 (c) iE^r<tassmi^i i 

0 4#SHin**lfc«^ SSfclitf? 3 0 5®**jRS? 
t-/>H 1 0 2jB<-££|r]U:*3I/>$&«&. R^WtE 
0 3 (d) lE^-r«fcaS^VKElRli:S«o 

» B B B ii^ft<!:Lr0 3 (d) ic^-r<fcasi«»a*M 

3Et3o fi. 0 3 (a) ©«fc5Sra§U&®5«ii£fl3^* 

3bHE<t-pTs 03 (d) ~ ( g ) [ZTTstmmmcomm. 

[0 0 4 0] UUifflBMIfrS, *5WHca3l/*Tt*> 7^ 

[00 4 1] *8micJ$iNTs >^i-i-B<Dtt>PPi®m 

m-St * c £ ie <t y prills y , *■© -5 5 AD^ft < 
it 1 -3t LTTIES1 ic^-r«t'56j8tfltt*^rt)© 

flfAtfs $ B B B tt£/Tx-rBiSm*;#?i: LTn TIB 

fc£»*fflL\ "FI&M5SSC 2 lE/TxT J: a ST 7 ;!/^-;!/* 
*Wf *fcS»i:iXx/WrafiJS*-&* c t &E<fc y % 
TtEflEfiiU lE^t<t a ttrti-t-nsattARZ-*** c 
i^Rjf^r^^o Sfe, IWMHcLT, TIEflBtSCl 01c 

[0 0 4 2] 
[Si ] 



m&ft* (fi&s. -ri, -R2) 





\ // 




■0-9 
o 



N=9 
H 



'9 = N 
H 




C n H 



2n+1 




n /^OC n H 2n+1 




•CN 





O 



[0 0 43] 



[fbi] 
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HO - (CH 2 ) n - OH 

nttHJLkoSft 
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C a H l7 



Wisa 1 o 



[0 0 4 5] Cft50D/^^-¥»P3tUK (Sfctt 

~ 4 ic^t <fc a swwffc^ft^TiBS 5 lent* o s# 

BUSffb^ftOflSaiRls R2fcL-a6#*-e*C£U: 



-t-tSCtlCfclU TIB«S36lc^-r«fc5«:/^^-JKflD 
lcSftW)l&#tt#f £x? UXDB^Si: LT$£^T3 

c <t ic j: y s Tiaasa 8 tc^r * a ^.m-i-maimsk 

[0046] 
»2] 
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[0 0 47] 



[0 0 48] 



[0 0 49] 
[H5] 



R, R 2 




^2 R, R 2 




R, R 2 tt t 

Ri 




R XX 2 RfO-R 2 /\ 



[S3] 




CI 




NH 2 |\J0 2 





R 2 Ri v R 2 R, v R 2 R~ ^ 'r 2 

2 



F Ql ISHp NO. 



<^R 2 Rf^R 2 Rf^R 2 Rf^F 



[S4] 



O A fl A 



[0 0 5 0] 

Mb 3] 



H> ,H 

,C=C X 
Ri R 2 
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[0 0 5 1 ] 



Mb 4] 
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3£ 



[0 0 5 2] ±|BS3^LfcJ:asaSiS*W 



<fcaft/«-*»B5*?^ TEflKtSl 3a^1 3b(c^ 
T<fcaftP3HJB»?3fMI*(f6ft*. 

[0 0 5 3] 

Mb 5] 
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[0 0 5 4] 



lit 61 
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-Q 




o 

■Utnt- 
*5S 



[0 0 5 5] /^^-JB»^f>RIBB»?lCfi^ 

[0056] *%®(Dm&m*mw-etem&fc% 
[0057] fiesEaffi?tt, wiHtffiflyiip-rsiRictt 



l t * *\ m#® « mc w^n^? 
©aiiii»tt{*-p£*>*ii#F®«7yD [crones lt 

mitt z mmsssifm l < a < . c (ssaa 

[0 0 5 8] ZtUdtfLT. *«WPli*#3tffifl«i|ttP 



(13) 



10-161145 



£»t LT(SS3SSfl«iRi±-r«o <t y fo^mEwattiB 
[0059] *ic, *%w(Dm&m*mwumi%m2 
[0 0 6 0] *mm-?tt, mnrnt*. y?«s#?£*si 

*Z$&tLtcXYZmWMfctf>^T, XYZ£T<D75Ir] 
[0 061] 04 (a) linz>nx, nz>ny, n 

x = n ycDm&wnimnRftmuzftkmscDm. m 

4 (b) n z > n x N nz>ny, nx#ny Stf £ 

Z < £ X, £ Z < £ y , £ X * £ y (D^hhTO^I^ 

#£Pl]P£;faT^ft^iI£<7)0, 04 (c) tinz>n 
x N nz>ny, nx*ny Stf £ z < £ x ^ fz<£ 
y, £ x*£ y<D«flstf!BT?li«ff#Wjto*ftfc«#© 

[0 0 6 2] ilMCnS^T^y^jMUis 04 

(a) lESr<fc5lEBSf*©XYfi8»tt*L^fca6» « 
•J^W&^frfrfoS-fStE^frftEs ip-fex y¥E 

%m<DM£. 04 (b) iScttj: (c) [Lff-.t&ot^ X 

Yz^Tc^iRicjBSWtfJiays flp^TXYz^r© 

BW¥#Sft3«flttJB£fll^3©T\ 0 4 (c) IOtx 
■T<fcaic«*l?3B«XYiiF«gODBi«*S*1tlcf^fflU « 
H H H ^?aZ|fi^|fi<!:LT0$^«o flU 04 (b) (7) 

[0 0 6 3] LfttfoT, XYZ£T©*Ir]©JISt*# 
Sft 'A SPxTX Y Z£T®B**j(mft*«iitm£ 

oTXYiarticasf*s*it^«4u 

£#ttJ** 0 TNSOBifFE-RcitLTSR 
ftfc\ 0 5li, m*ft%tt$-tZt* ^tUcf#oTXY 

-$ll*ffi<7)H9J£^Tfl£0ra53o 0 5 (a) 35<fctf 

(b) li N nz>nx N nz>ny, nx*ny 

[0 0 6 4] *SUU S-©BrftJSS*Rftllc-r*^- 
•sOjSMtffti: LT, 7l<»Sfi-y> h^xm^S 
«l"ttYfiE^ SfcliXYffifiE##*?6<, i^Ift 
*®XfiE5K YjjftK Z$#<7)Sft3-;«ll*ffi£ffll^ 



[0 0 6 5] ±£E£> 

[0066] *mmtmm(Dmm. ip-sn§y*^w-y 

««©j«fla^SiI^fll5ftT^« (USP3. 6 8 
7. 515) . LfrLStfe, I» 

ennuis t ©ffiK^fff^Jt^-r * # s ?s 3„ 

[0 0 6 7] EftlcttLTs *»«W7HJy*X« 

Wf*^LT»«LTt)At\ ma^af prorate 

[0 0 6 8] ftfc\ USP3. 6 8 7. 5 1 5©ffi7 
lis *©aW?**^ifl*©£fb£f&&*-*«flH«:B8 

y *-»Ji*#B©S£tf Eitft±s ffiffl* «S»fc<fc o T 

*k Tftfr-S IS 1 ©BfEKSWi L^#« 
;« B B B«Ps m 2 ©BfFJSSTli nz>nx, nz>n 
y % nx*ny ©ftfl=*3lfc-r *fti|*S*ffiffl - r«^ 
Sfelis dtllcJjPATe z<£ x N £z<£y N £x^ 

SSSElcWT^Ert (xySrt) ©fiE^O^Sl^ 

[0 0 6 9] 
[HfifSfiO] 

(uss^ji) 0 6ii, *«wic««j«*a^SB*^ - r 
TO0 (¥S0) ?sy, 07ii^(7)i mm$m*m 

W-mm, 08li07(7)A-A' ^[c < fc«ifTH0T : -$«o 

[0070] z.(Dm&m*mwte. -mcDmms o i <h 

5 0 2d:roF(mcn§y*x'7V-y^-;fe E I i 5 1 OA^A^tl 
T£y, » H B H 5 1 Ott/^^-JBffljaUl^f. SfcliRH 

[007 1] Tffl!l(7)SS5 0 2(7)^ H H H 5 1 0ffl!|[cli N ^ 
- hma5 0 3 a*5MfiLTWT«ji*H!5 0 3#Bffi 



(14) 
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SSI 5 1 1 ©y- hi!5 03a ±[cti¥if ftJl 5 1 2 

[0 0 7 2] ±IBV-Xmffi5 1 4[±, ffl^5 0 4 if 
S#6Lfc8Mfr?S* 0 FK>ll5 15lt-JM) 
WI6 0 3, 6 0 4<755^©-£<Dmffi6 0 3#&^* 
tlTl^o fte*©mffi6 0 4Wu tulBI6Sfl|5 1 1 <D± 
[CffM^tU TOI6 0 3 t 6 0 4 £flWlR]T*a8fr 
7\ 3ulS&A5 1 0l«:««#£tt5LT?8iJi5 1 0£1E 
B1-«H«^gP6 0 5j(j««**tlT^«o fltt^mffi 
6 0 41*. *6«SI5 1 1 ©±lC»a#ftfea^V«5 0 
5k«K#tlTSys Sfc, HulEflHH*5 0 4fc, IfiM 
R5 1 1 ©±lcJKfiE#tlTl"*o C©ttffi(7)SS(7)±lc 
Us &IW&5 1 6#ff5j££fU ^<7)f&«l5 1 6©±lc 
WBtifaWSms 1 7fl9KfiE*ftTl"* 0 Elc, SS5 0 
2<D-$H5 1 OfcttfiJflWctt, fift*5 1 8#EttS 
tiTt^, C©<fc5U:flJ$£ftfc7 7 ?5V?VHJy? 
X*«<!:U)« H B H 5 1 0*»A,?fi*MM©»fi5 0 1 
tts i a B B5 1 Oittfi*MMlcfll3teR5 2 1 tfRW-StlT 
33 Us $ H B H 5 1 Offig(ctttOIBB3RlE^ffi6 0 5^|R|L 

-6 0 7©±[C[i¥±IftSl5 2 26WfiE*nTl^o C 
<7)¥±IffcH5 2 2©±lcttElRlS!l8JIS5 2 3A«£ 
tU C©I3ft«PH5 2 3 <htulBIB^$iJfflfl|5 1 7 £1* 
$115 1 0©»||#?£MEI3ft£tf3I3ft$a3tf]&£ 

[0073] j^sson^ tuiBH*a^gP6 o 5 %m 

JS* *-*f®WI6 0 3 £ 6 0 4©*f|Rl8|5»ttggie«88 
[CffM^tU *<D£iBaP#6 0 3a, 604a #S«5 
2 0[cKltfclB^$iJ«5 2 3 fcffittU 

-y-tLT<oigm*GT%. easiest?-** 

atcmffi6 0 3, 6 0 4©ggegP^6 0 3 a, 6 0 4a 



[0 0 7 4] C©J:a[C|ijS*tlfc^ H H H a^SB(7)ffl^ 
Si 5 0 4 icliffl^IgftHK 5 0 7 frB»!ift§it)%^ 5 
tls jt*H!5 0 3lcl££&faills]&5 0 8frS£»i^ 

£0S§ 5 0 9 5 =1 =E >ni±ft5-z. 5 ft« 0 

[0075] %is % *mmm(Dm&m*mwtt. se*© 

I?6 0 1ia5?HJ y ^XlEfttf Hit ist© ?s 
3 0 $/cs 2j5-7>r/l/2-6 o 7£Wf*HilSS3*8P 

6 0 5 <£>*tfli?# 1 2-f'/fI'< HSSH/T^P 6 0 5 li 6 
4 0 x 4 0 0 x 3{®©H*T**iifiB#*U y 7li 

5/jmTS8. H«a/TxSP6 0 5 *-*f®WI 
603^:60 4©g§egp^6 03at604a tit. El 
9 ICTxT «t o lc % afiaS^7Sofe**3fl«ftlE 3 0 0 n 
nru ^©ifl^ftlc 1 O/um^ftoTfc'A S^e&P^6 
03at604a <!:©ftffliJ©2©ra£>SBSI# 1 0 0 /u m 
lfit6oT^4„ Sfcs Hlttfy^LTW:, 1 3 6 

[00 7 6] 01 OWu $115 1 Olc, ^gyWSnS* 

[0077] c©hi o «fc y 3sm*5h.s * a tc % 
mwmikmrMte. ffi^*ET»t>asa**-i-$NE* < 

[0 0 7 8] ftlEs ECjfc&SjSgflUU U^ftft^H 
SjSJIf^flirofH&lHlBi: LI, ft^IgftHES 5 0 7, £ 

^igftHEis o sfcj^zi^ymiif^iEiE&s o 9£jg 

[0 0 7 9] (5ISfifiiJ2) jftiltt^WrsiiSWK^i: 
L TTIBIiiisC Hc^T * ; * -> y 7 

3S^b#**ffll\ TI3lliixC2[C/T^7 7 ;U=l-;US^W 

iC2*© n = 3 0)ll#lcttfiSflfitfl«TE«aS3 tc^ 
f <t a ft / ^i-i-BTfo V, n = 2 ©il^lcli 
TIBIiiisC 4 k/Txf «fc a ftBSB^rS o fc 0 

[0 0 8 0] 

[ft 7] 
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HO' G ^^" Cv N-^^-C 8 H 17 



HO-{CH 2 ) n -OH 

n«1J5Lh©tt» 




[0081] ±Bm^3(D/^i-i-m^m^zmm 

h5X h<75S^H^#5tlfco CtUotfLT^ ±IBI1 

[0 0 8 2] (mmm3) m&vkzmzmmtttt 



L TTIBIiiise i lout t> / ->/ U8£ W T « > y 7 

[0 0 8 3] 
[ft 8] 



(16) 
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[0 0 8 4] ±f3m&£6<Drti-i-Bftf-zmvTmm 



[0 0 8 5] (SftgffH) ±fBfijiit 5 Lfcv^fc. K 
ftfflL^ C <t lc J: y s TIBflKtS 7 [c^T «t a 
[0 0 8 6] 

Mb 9] 




[0 0 8 7] ±IBII^xC7(7)^?[Ci3^Tli, ±E*K1 
xC6 O^FlCit^T^SsfcfljRS^-* V h £=f§ L 



[0088] 01 1 (a) li±IBIi^xC6(7)^™*(7) 
V. 01 1 (b) li^WXffi?^-^^ h(7)im IP 
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%StB?S5. Sfe, 012 (a) li±|B«Hi37fl!> 
#FJB*W>«l«i5 <fc tfS#tt#?d!>3K«? * - y V h «• 
7rstWV&V. 012 (b) li«IS37flDj«Jitt?ffW 

[0 0 8 9] ||^xC7(7)^ H H H ^ill^ie6^ a B H ^? 

1 1 £01 2<t<DiSU±/^^-^?©**SPlc7yil6 

a«E>©?S«o 01 1fi<fctfH1 2fr6«S3trft<fca 

ic, ii^txc 6 £ <fc tf «jt a 7 am&ttff m? % jk«? 

[0 0 9 0] E©<fc5fc:±IE«ii36KJ±'<T*3jK« 
h*^*0^±lBll^iC7(7)/^^-ff^?^ffl 

ja**ftiNcS<T?**©T?flflP*£A± - r*C£#T? 



[00 9 1] 7yJ6BSi*ftfe^V€V©f«by 
U\ ±ES 3 tC/Tx L fc J: 5 % W£S£=fi f « ««fk^* 
•¥>±IBS 4 [c,Tx LfcJ: -5 S«^{b£»£fl3l/>Tfcl5MiHc 

S3*6il©SIHIP*{k S^Vh^XMb, BSfllE® 

[009 2] (SM 5 ) jfciitefcW-f 
LT±lB*i£iCl i:S(MOl8»tt»?*fflU\ X5FU> 

S/XMJtfcS* «fc a Ic-^jS LfcJI^cliTIBMS 
xC 8 icBt «fc -5 &/ jfWi 5 tu x 5 1 U >S 

left L Z 2 o©*K»?3ti« h 5 >Xllii[c^a «fc a 

[0 0 9 3] 

Hbi 0] 




[0 0 9 4] ±Mm&3,8(D/K1-1-BttZm^TmM 

[0 0 9 5] i^uvsoftfoyuu ±isa5tc 



[0 0 9 6] ($%£!I6) x^UVSODftbyic, ±IB 
«5lcjSLfc«fc3fc*- hVS^ffl^* Cilery, TIB 

[0 0 9 7] 

Hbi 1] 




[0 0 9 8] ±IBII^xC9(7)^?[ci3^Tlis ±lBfllit S8®^U:.tt'«T**S**jKS? : E-.>< V h^f L 
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[0 0 9 9] 

[0 10 0] $fc, *«Wlc<fc3«^lcli % 

i oA^e^r Bsif 2 oj.x±£*S£* # , 

Sfetts it 1 -stfSSflttfciS-rBlftttf? ©2 
c £ tc «fc y , /^^Jf^ H H H 7i?$fc[iF]iiff^ H H a 

[Hi ] *^©^ a B H a/T^aic^tt^m-©BifFiis 

[0 2] *«Wlcfi^Ts M'7-7-ffJ©$ H H H 5ffl;:j5*W-3 
[03] *«Wlcfi^Ts Rii^<73« H H H »?lcS$tt§S 

[04] *«^ic£^T, «*i?ic«fcy«fi»?*«a 

OJB y iclslK*-^ CftU:£ y «Ji/fc*/l/©«JiJIU:JI 

[0 5] *#§B^cD^ H B a W^tcffl^^CDtciifig^%CDcD+i 

[0 6 ] *fg0S(7)II^J(7)^ H H H a^gB<73^BS0 ?S 

«. 

[07] 06 i H*gp»^^-r 

[08] H7©A-A' »U:<fc3SrE0?S3o 

[0 9] 0 6 0»iiSiSgBlESW-*-*f©WliaftM) 

[01 o] m6(Dm&m*mw(Dm&^ mm^nm 

^7^'y^ B B tjWSIMB B A£ffl^fcif £-[c£ 
l^T, »iiS^B®£T®HilSS3s8Pl<:l5l-«E£B3 



[01 1] «Jt36©/^^»»?lC"3^T. jKS?^ 
[01 2] «Jt37©/^^-Jg»?lEO^T, jKS?^ 
[013] ^affi©^ H H H a^SB(7)liJS^1-0r$ 

•So 

301a, 301b mfiS 
302a, 302b EfiffilffliS 
303a, 303b gffi 
3 04 ffl3fcffi©i»J|X«©£lR] 
3 0 5 jfcfttf? 

3 0 6 ms 

3 0 8 «mJ¥£*[R] 

4 0 2 tJc^JKIE? t-* > h 
4 0 3, 404 fiffi 

4 0 5 gS^rffi©^ 

501, 502 mm 

5 03a y-h*ffi 
5 03 

510 nS^T 1 ^ Jttft 
5 1 1 t&ltSI 
5 1 2 

5 1 4 y-xms 

5 1 5 KK>mtl 

5 04 fl^M 

5 05 a^vs 

5 07 fl^IgBHSS 

5 08 ^IgftHES 

5 09 z^VWESS^Bil 

5 1 6 felltflg 

5 1 7 IB[rJ»IS 

5 1 8 ffiftfi 

5 2 1 fiftffi 

5 2 2 ¥iI1kSI 

5 23 IB[rJ$iJ«! 
60 1 SUh 5 

6 0 3, 604 Wl 
603a, 604a g^ESPTX 
6 0 5 H^a^SP 

607 *5-7>C/l/£- 

1 1 0 2 7mMS? : E-y> h 

1103 mm 

1104 sm# 
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